[

UNIVERSITI PUTRA MALAYSIA

A KNOWLEDGE AUDIT MODEL FOR REQUIREMENT ELICITATION
PROCESS

LALEH TAHERI

FSKTM 2015 28




UP[M

UNI\!‘EHSM PUTRA MALAYSIA

il

A KNOWLEDGE AUDIT MODEL FOR REQUIREMENT ELICITATION
PROCESS

By

LALEH TAHERI

Thesis Submitted to the School of Graduate Studies, Universiti Putra
Malaysia, in Fulfilment of the Requirements for the Degree of Master of
Science

December 2015



COPYRIGHT

All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti
Putra Malaysia unless otherwise stated. Use may be made of any material
contained within the thesis for non-commercial purposes from the copyright
holder. Commercial use of material may only be made with the express, prior,
written permission of Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



DEDICATION

| want to dedicate this thesis to my dearest family, especially to my
parents, Mr. Majid and Ms. Farideh, and my dearest brother, Mr. Kaveh
for their care, support, patience and love throughout my journey of

study.



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Master of Science

A KNOWLEDGE AUDIT MODEL FOR REQUIREMENT ELICITATION
PROCESS

By

LALEH TAHERI

December 2015

Chairman: Noraini Che Pa, PhD
Faculty: Computer Science and Information Technology

Knowledge plays an important role in the success of any organization. Software
development organizations are highly knowledge-intensive organizations
especially in their requirement elicitation process (REP). There are several
problems regarding communicating and using the knowledge in REP such as
misunderstanding, being out of scope, conflicting information and changes of
requirements. Because there are different people involved in REP and these
people are from different backgrounds have different knowledge. Different areas
of knowledge lead to different ways of knowledge expression and negatively
affect knowledge understandability and completeness. Ambiguity in knowledge
results in incorrect interpretation of knowledge and requirements. To allay these
problems, it is necessary to identify and assess the knowledge. Knowledge Audit
(KA) is the process of knowledge analysis and assessment that aims to answer
these questions: what knowledge exists and what knowledge is missing as well
as assess the knowledge in terms of completeness, correctness and
understandability. Since there is a lack of KA model and knowledge assessment
in REP, this research tends to fill this gap. Therefore, this research introduces a
knowledge audit (KA) model to support knowledge communication of people
who are clients and developers in REP. A survey on 40 respondents of clients
and developers consisting of system analysts, system developers, project
managers and clients during a focus group is conducted. KA is described
through four main knowledge components for the model: 1) knowledge sources,
2) requirements knowledge, 3) knowledge inventory, and 4) audited knowledge.
The findings revealed confirmatory of the model after some refinements. The
results have confirmed the identified KA components and their elements as well
as the inter-relationship among them. This research also develops a prototype
based on the proposed model to validate the model through post study. The
findings of post study also confirmed the effectiveness of KA model for REP on



the criteria of completeness, correctness, and understandability. The
contribution of this research lies in the KA model that illustrates the KA
components with the focus of knowledge assessment in REP to fill the exiting
gap in this area. It also provides a prototype to assist software developers in
REP. Overall, it introduces a KA model for REP to identify and assess knowledge
which leads to the success in the process of requirement elicitation.
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Pengetahuan memainkan peranan yang penting dalam kejayaan sesebuah
organisasi. Organisasi pembangunan perisian adalah organisasi yang sangat
berintensifkan pengetahuan terutamanya dalam proses pemerolehan keperluan
(REP). Terdapat beberapa masalah berkaitan komunikasi dan penggunaan
pengetahuan dalam REP seperti kesalahfahaman, berada di luar skop,
percanggahan maklumat dan perubahan keperluan. Ini kerana terdapat individu
yang berbeza terlibat dalam REP dari latar belakang yang berlainan dan berbeza
pengetahuan. Bidang pengetahuan yang berbeza membawa kepada pelbagai
cara ekspresi pengetahuan dan memberikan kesan negatif terhadap
kebolehfahaman dan lengkapan pengetahuan. Kekeliruan dalam pengetahuan
menyebabkan salah tafsiran pengetahuan dan keperluan. Untuk mengurangkan
masalah ini adalah perlu untuk mengenal pasti dan menilai pengetahuan. Audit
pengetahuan (KA) adalah proses analisis dan penilaian pengetahuan yang
bertujuan untuk menjawab soalan-soalan berikut: pengetahuan apa yang wujud
dan pengetahuan apa yang hilang serta menilai pengetahuan dari segi
lengkapan, ketepatan dan kebolehfahaman. Oleh kerana terdapat kekurangan
model KA dan penilaian pengetahuan dalam REP, kajian ini cenderung untuk
mengisi jurang ini. Oleh itu, kajian ini memperkenalkan model audit pengetahuan
(KA) untuk menyokong komunikasi pengetahuan dalam REP antara pelanggan
dan pembangun perisian. Kajian ke atas 40 responden yang terdiri daripada
juruanalisis sistem, pembangun sistem, pengurus projek dalam satu kumpulan
berfokus telah dijalankan. KA digambarkan melalui empat komponen
pengetahuan utama untuk model: 1) sumber pengetahuan, 2) keperluan
pengetahuan, 3) inventori pengetahuan, dan 4) pengetahuan teraudit. Hasil
kajian menunjukkan pengesahan model selepas beberapa pembaikan.
Keputusan telah mengesahkan komponen KA dikenalpasti dan unsur mereka di
samping hubungan di antaranya. Kajian ini juga membangunkan prototaip



berdasarkan model yang dicadangkan untuk mengesahkan model dalam kaji
selidik pasca. Hasil kaji selidik pasca juga mengesahkan keberkesanan model
KA untuk REP bagi kriteria lengkapan, ketepatan, dan kebolehfahaman.
Sumbangan penyelidikan ini terletak pada model KA yang menggambarkan
komponen KA dengan memfokuskan penilaian pengetahuan dalam REP untuk
megisi jurang sedia ada dalam bidang ini. la juga menyediakan prototaip untuk
membantu pembangun perisian dalam REP. Secara keseluruhan, ia
memperkenalkan model KA untuk REP bagi mengenal pasti dan menilai
pengetahuan yang membawa kepada kejayaan dalam proses keperluan
pemerolehan.
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CHAPTER 1

INTRODUCTION

1.1 Background

Knowledge plays a significantly important role to the success and constant
progress in any organization. Accordingly, it is crucial for organizations to identify
and manage the knowledge they possess (Choy et al., 2004). Knowledge
Management (KM) is a process of capturing, creation, sharing and storage of
knowledge (Burnett et al., 2013). KM ensures that "the neediest would gain right
knowledge at right time" through knowledge sharing (Sulfeeza et al., 2014; Wu
and Li, 2008). According to Choy et al., (2004) for conducting KM, it is critical to
have an understanding of the organization's culture and background. Knowledge
Audit (KA) is the key to gain such kind of understanding. Similarly, the main
activity to identify knowledge assets is KA (Azizah and Nur Syufiza, 2011).

KA is a dynamic process to evaluate and assess knowledge policies, resources,
structure, flow and need in organization. KA processes comprises of knowledge
need analysis, knowledge flow analysis, knowledge mapping and knowledge
inventory analysis (Perez-soltero et al., 2007). Thus, performing KA supports KM
in knowledge creation, knowledge capture, knowledge sharing and knowledge
storage. Although many researchers have focused on KA, yet there is
inadequate research to come up with a standard KA model (Lee et al., 2007).

Software development (SD) organizations are recognized as highly knowledge-
intensive organizations (Tiwana, 2003); especially in requirement elicitation
process (Hickey and Davis, 2002).Requirement elicitation process (REP) is
carried out in the beginning phase of any SD thus it is one of the important
processes in SD according to Sommerville (2011).

REP aims to identify, acquire and elaborate the needs of clients for the software
to be developed (Abdullah and Noraini, 2009). In eliciting requirements,
stakeholders from various backgrounds needs to communicate together (Pilat
and Kaindl, 2011) and reach consensus about the software requirements
(Laporti et al., 2009). These stakeholders from different backgrounds have
different knowledge. Dissimilarity of knowledge leads to several problems related
to communicating and using the knowledge such as misunderstanding,
conflicting information and constant changes of requirements and scope (Noraini
and Abdullah Mohd, 2011b).

Problem of misunderstanding arise due to users or stakeholders’ unclear needs
and poor understanding of computer capabilities. The usage of different
language between stakeholders causes missing information (Sommerville, 2011;
Noraini and Abdullah Mohd, 2011a; Wohlin and Aurum, 2005; Christel and Kang,
1992). Noraini et al., (2011b) and Wohlinet al., (2005) mentioned problem of
undefined scope implying that the boundary and scope of the system is obscure
and not well-defined. On the other hand, different users may have inconsistent
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and conflicting needs (Sommerville, 2011). In the following the way how these
issues relate to knowledge are describe.

In REP stakeholders are divided to two groups of clients and developers. Clients
usually express their needs in their own terms because the knowledge
possessed by each team is different from developers (Pilat et al., 2011; Wan et
al., 2009); the knowledge possessed by clients is mainly in business domain
while the developers knowledge is mostly about SD and technical matters (Kaiya
et al., 2010; Laporti et al., 2007). In addition, because of this different knowledge
backgrounds, each stakeholder sees the prospective software from a different
point of view (Laporti et al., 2007). Thus, different requirements leads to conflict
and inconsistency (Nguyenet al., 2012; Sommerville, 2011). This problem is
influenced by undefined scope because each stakeholder's expectation may fall
in different scopes (Noraini et al., 2011b). Different areas of knowledge lead to
different ways of knowledge expression and negatively affect knowledge
understandability and completeness (Laporti et al.,, 2007). Ambiguity in
knowledge results in incorrect interpretation of knowledge and requirements
(Laporti et al., 2007).

It can be seen that REP faces problems regarding knowledge. To mitigate these
problems it is necessary to identify the existing and missing knowledge and
assess the knowledge. Therefore, KA is necessary as it aims to answer these
questions: what knowledge exists and what knowledge is missing as well as
assess the knowledge in terms of completeness, correctness and
understandability (Leung et al., 2010; Liebowitz and Suen, 2000; Hylton, 2002).
Therefore, the researcher believes that with the standing challenges of REP, our
purpose to study KA in REP is rightly emphasized.

1.2 Problem Statements

As noted earlier, REP is known as a knowledge-intensive process since it
involves numerous stakeholders. In reality however, it is difficult to communicate
and use the knowledge (Noraini, 2011a).

As it is shown in Table 1.1 many researchers focused on knowledge in the
requirement engineering and REP alongside KM approaches in REP (Pilat et al.,
2011; Chikh, 2011; Wan et al., 2010; Wan et al., 2009; Herlea et al., 1997) but
there is not any research to address KA in REP.

However, Maio, (2011) studied KA in system engineering not REP. Other
attempts were made to study knowledge in REP; for example Hickey et al.,
(2002) showed the critical role of knowledge in performance of REP. The
attributes of knowledge in REP were analyzed and a knowledge creation model
for REP was introduced by Wan et al., (2010). Xiaohong, GuoRui and Tiyun,
(2010) on the other hand, studied knowledge transfer in requirement
engineering. The effect of domain knowledge on REP was studied by Niknafs
and Berry, (2012). Other researchers focused on KM in requirement engineering



(Chikh, 2011; Pilat et al., 2011; Herlea et al., 1997), while another studied KM in
software engineering (Rus et al., 2002).

Although many efforts have been carried out regarding KM in REP, there is no
research about KA in this field. This is due to the present KA models which are
static in nature, and they may not be flexible to adapt to different environments
where KA is conducted (Sulfeeza and Siti, 2011). Since there is a great deal of
knowledge involved in REP, there is a need to identify and assess the knowledge
in REP with the help of KA. But there is no KA model for REP as it is shown in
Table 1.1. This is identified as our first problem statement.

Additionally, the existing KA models in other fields do not provide sufficient
details on how knowledge assessment is conducted during KA; this is also
supported by Wai et al., (2014). Mostly knowledge assessment is conducted
subjectively as in the studies done by Leung et al., (2010), Perez-Soltero et al.,
(2009), Sheck et al., (2007) and Choy et al., (2004); but there is a lack of
objective knowledge assessment. This is recognized as our second problem
statement. However, several studies employed social network analysis (SNA)
for knowledge assessment (Chi, Chan, & Lee, 2011; Levantakis, Helms, &
Spruit, 2008; Shek, Cheung, Lee, & Chong, 2007; Cheung, Li, Shek, Lee, &
Tsang, 2007; Choy, Lee, & Cheung, 2004). SNA is used to assess the roles of
the knowledge sources in the organization. With the help of SNA softwares, the
level of network activity for knowledge and knowledge source is automatically
and objectively measured (Nor, Abdullah, Selamat, & Murad, 2009). Though,
SNA only assesses activity level of knowledge and knowledge sources and does
not assess the attributes of knowledge. Based on the literature review, the
existing models of KA are either not applicable to be generalized or highly
contextual, or do not address the details of knowledge assessment in KA.

Table 1.1. Studies of knowledge in software development

Field Requirement Rgcl]_u_lrer_nent Software Syst_ems
Engineerin ANE Engineerin Englnee
gineering Process gineering ring

Study
Knowledge g‘ggg 8%

Pilat et al.,
Knowledge (2011) ; Chikh, Rus and
Management (2011); Lindvall,

Herlea et al., (2002)

(1997)
Knowledge Wan et al.,
Creation (2010)
Knowledge Wan et al.,
Conversion (2009)
Knowledge Xiaohong et al.,
Transfer (2010)
Domain Niknafs et al.,
Knowledge (2012)
Knowledge Maio,
Audit (2011)




1.3 Research Questions

This research posits the following questions:
e What are KA components involved in REP and how these components
are related to one another?
e How can KA be implemented to support REP?

1.4 Research Objectives

Our research has three following objectives:
e To identify KA components and their relationships in REP as a model.
e To propose a model of KA for REP.
e To validate the KA model through a prototype by improving knowledge
completeness, correctness and understandability.

15 Research Scope

This research aims to investigate the implementation of KA in REP and propose
a KA model to assess knowledge in REP and mitigate requirement elicitation
difficulties. Thus, the research scope have been defined as follows:

e Based on our interest, this study is confined to the REP and will not cover
any other phases of SD.

e Based on the problems identified in Background, this study is confined
to assess completeness, correctness and understandability of
knowledge and will not assess other attributes of knowledge.

e This study is confined to implement the prospecting KA model and
prototype in SD organizations in Malaysia.

1.6 Research Contributions

The contribution of this research is considered from both theoretical and practical
aspects. The theoretical contribution lies in the KA model that depicts the KA
components in REP and the relationships among them. The model depicts three
main KA processes and four components with potentials to affect REP. The three
processes are knowledge acquisition, knowledge flow analysis and knowledge
assessment and the four components are knowledge sources, requirements
knowledge, knowledge inventory and knowledge assessment result. In short, the
model provides better perspective in terms of KA components and rest a good
understanding of how KA can be implemented in REP.



Whereby, the practical contribution of the research lies in the development of the
prototype based on the proposed model as well as implementation and testing
of the prototype in real environment.

Another important contribution is the instrument used for the research data
collections. There is a dearth of instruments for measuring KM-related constructs
according Nissen and Jennex, (2005). This research has carefully designed and
statistically validated instrument, therefore can be used for future researchers
particularly in KA research work.

Last but not least, this research contributes to KA by developing a prototype
which conducts KA for REP. The prototype helps both software developers and
knowledge auditors to better identify and assess the knowledge.

1.7 Thesis Organization

The thesis is organized in accordance with the standard structure of thesis and
dissertation at University Putra Malaysia. As the final report of this research, the
thesis is organized in a way to provide detail information on how the research is
performed. The thesis consists of seven chapters.

The first chapter of thesis brings up the background of the research. It expresses
the researcher’'s motivation and research intention, objectives to study KA in
REP; thereafter, the problem statement is explained, and scopes of the research
and the research contributions are presented.

Chapter 2 is the Literature Review that gives a review and discussion of previous
related works. In this chapter, resource materials such as journals, conference
proceedings, books, seminar, thesis and online resources were used as the main
references.

Chapter 3 is the Research Methodology. This chapter explains the research
methodology used in this research. The methodology consists of seven stages.
The first stage is performing theoretical study and literature review. The next
stage is proposing the initial KA model based on the literature. In the third stage,
the initial verification of KA model through Preliminary study was performed,
while the next stage considers developing the prototype. In stage five post study
will be conducted based on prototype to evaluate the model. Finally in stage six
the results of the post study will be discussed and analyzed using SPSS.

Chapter 4 describes the preliminary study data collection, data analysis and
results. The preliminary study aims to verify the identified KA components in REP
as well as to determine the relationships of these components. The collected
data is being analyzed using statistical analysis. The findings from this chapter
provide the basis for proposing the KA model.

Next is Chapter 5 which describes the KA model along with its validation through
the post study. This chapter presents the results of post study and model

5



validation. In this chapter, the components of the proposed model together with
the justification for each component are elaborated.

Chapter 6 demonstrates the development of the prototype naming KARE. This
chapter also describes the process of prototype development and provides the
system design as well as different modules of the KARE. The examples of
running the prototype are also presented in this chapter.

The final and conclusion chapter is Chapter 7. This chapter presents the
conclusion of the research and its limitations, along with potential future
research.

1.8 Summary

This chapter demonstrates the rational of this research and covers the problem
statement and research questions. Research objectives and scopes are
discussed in this chapter. The potential theoretical and practical contributions of
this research are also presented. Ultimately, the summary of the thesis
organization wraps up the chapter.
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